A pproximately one third of myocardial infarctions (MIs) present as ST-segment elevation MI (STEMI). 1 STEMI is a cardiovascular emergency, frequently complicated by cardiogenic shock or cardiac arrest, and thus emergent percutaneous coronary intervention is the standard of care. It remains one of the most costly and morbid presentations of cardiovascular disease (CVD) and therefore prevention of STEMI is of utmost importance. Although the incidence of STEMI in the United States has been declining over the past 3 decades, it remains a common CVD event. 1, 2 This decline has largely been attributed to declining rates of tobacco use and improved control of traditional cardiovascular risk factors, including low-density lipoprotein cholesterol (LDL-C). [3] [4] [5] Total cholesterol and LDL-C levels declined in the United States from 1988 to 2010 in individuals both taking and not taking lipid-lowering medications. 6 Statin therapy remains the mainstay of the treatment of elevated cholesterol and has been shown to substantially lower the risk of MI in both primary and secondary prevention. [7] [8] [9] [10] This benefit has been largely independent of baseline LDL-C, including in individuals with a baseline LDL-C <100 mg/dL. 10 Additionally, prior data have shown that LDL-C, although a clear CVD risk factor, does not improve discrimination for future CVD events when added to age and other traditional risk factors. 11 Therefore, relying on absolute risk to determine statin eligibility may substantially increase eligibility in patients otherwise destined to develop STEMI. In contrast to the prior Third Report of the Adult Treatment Panel (ATP III) guidelines for the treatment of cholesterol that relied heavily on LDL-C levels, 12 the 2013 American College of Cardiology (ACC)/American Heart Association (AHA) cholesterol guidelines have endorsed a strategy recommending statin allocation largely based on absolute CVD risk. 13 We previously reported that use of preventive CVD medications prior to STEMI was low, with only 7.8% of individuals taking aspirin and a statin before their event.
14 In this analysis, our aim was to contrast the rates of pre-STEMI statin eligibility according to ACC/AHA guidelines compared with the prior ATP III guidelines in a contemporary, prospective cohort of STEMI patients. Implementation of either guideline to a given population requires access to and utilization of preventive health care, so we also analyzed the frequency of visits to both primary care providers as well as cardiovascular medicine providers in the 2 years prior to STEMI.
Methods Study Design and Patients
The Minneapolis Heart Institute Level 1 MI program is a regional transfer system using a standardized protocol designed to improve time to treatment and clinical outcomes in patients with STEMI presenting directly to the percutaneous coronary intervention center as well as community hospitals without percutaneous coronary intervention capability. The Level 1 MI program occurs within the parameters of a healthcare system (Allina Health) with a unified electronic health record (EHR). Age, sex, race, height, weight, systolic blood pressure (SBP), family history of CVD, and history of tobacco use were recorded using data from the patient's EHR. BMI was calculated as the weight in kilometers divided by the height in meters squared. Total cholesterol, high-density lipoprotein cholesterol, triglycerides, and a calculated LDL-C were obtained from a fasting lipid panel drawn the day of or morning after admission, which is part of the standardized STEMI admission order set.
A prior diagnosis of CVD; diagnoses of hypertension, dyslipidemia, or diabetes mellitus; and a family history of CVD were recorded from the patient's active medical problems listed in the EHR as well as by reviewing the history and physical examination by the admitting physician at the time of the STEMI. Preadmission medications were recorded from the EHR and confirmed by review of the medication reconciliation note recorded by the registered nurse at the time of admission. For the medication reconciliation note documented by the admitting registered nurse, each nurse is expected to verify the medication list in the EHR with the patient or the patient's outpatient medication list. If the medication list cannot be verified by those means, the patient's primary care physician or pharmacy is contacted to verify the patient's medications. We specifically recorded the preadmission use of aspirin (any dose), antiplatelet medications (clopidogrel, prasugrel, ticagrelor), statin medications (20-40 mg/d of rosuvastatin and 40-80 mg/d of atorvastatin were considered high-intensity statins), and antihypertensive medications (calcium channel blockers, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, b-blockers, and diuretics).
We also recorded the presence of any documented clinical encounters in the 2 years before the individual's STEMI. Encounters were classified as primary care if the visit was to a provider in the field of internal medicine, family practice, or obstetrics/ gynecology. Encounters with cardiovascular medicine providers were also recorded. Encounters with other subspecialists (eg, urologists and dermatologists) were not included. When available, blood pressure recordings from outpatient clinic visits were documented for use in risk calculation.
Indications for Statin Therapy and Calculation of 10-Year Cardiovascular Disease Risk our analysis period, and 2013 ACC/AHA guidelines. 13 ATP III guidelines defined thresholds for control of hyperlipidemia, with an LDL-C goal of <100 mg/dL for individuals with known coronary heart disease, other CVD, diabetes mellitus, or a 10-year coronary heart disease risk of >20% according to the Framingham Risk Score; an LDL-C goal of <130 mg/dL for individuals with 2 or more major CVD risk factors; and an LDL-C goal of <160 mg/dL in individuals with 0 or 1 risk factor. LDL-C levels were used from fasting lipid levels obtained on admission at the time of STEMI. The ACC/AHA guidelines include 4 major indications for statin therapy: (1) a diagnosis of clinical CVD (acute coronary syndromes, history of MI, stable angina, coronary or other arterial revascularization, stroke, transient ischemic attack, or peripheral arterial disease of atherosclerotic origin); (2) a diagnosis of diabetes mellitus; (3) an LDL-C >190 mg/dL; and (4) an estimated 10-year CVD risk >7.5% according to the Pooled Cohort Equations calculator. For individuals meeting 1 of these 4 criteria, a moderate-to high-intensity statin is a class I recommendation for individuals younger than 75 years. For individuals with a 10-year CVD risk 5% to 7.5%, a moderate-intensity statin can be considered (class IIa recommendation). Individuals with a 10-year CVD risk <5% are recommended to not receive pharmacological treatment to lower their cholesterol.
For individuals without known CVD, diabetes mellitus, or an LDL-C >190 mg/dL, we calculated the 10-year CVD risk according to the Pooled Equations calculator. 13 We used EHR data at the time of STEMI for age, sex, race, total cholesterol, high-density lipoprotein cholesterol, history of antihypertensive treatment, and diabetes mellitus. Given the instability of blood pressure in the setting of STEMI, we did not use the SBP at the time of admission. Instead, we used the SBP from the most recent ambulatory visit to a primary care provider or cardiovascular medicine provider in the prior 2 years. For individuals missing data on SBP (n=354), we imputed SBP using the median SBP from individuals with known data on SBP stratified into 3 categories, no history of hypertension, treated hypertension, and untreated hypertension.
Statistical Analysis and Assessment of Pre-ST-Segment Elevation Myocardial Infarction Statin Eligibility
Baseline characteristics were analyzed after stratification by CVD status prior to STEMI. Descriptive statistics are displayed as mean (SD) for continuous variables, and as number (percentage) for categorical variables. When continuous variables had a skewed distribution, median (25th, 75th percentiles) were reported. Categorical variables were analyzed using Pearson's chi-square or Fisher's exact tests. Continuous variables were analyzed using Student t test for normally distributed variables or Kruskal-Wallis tests for continuous variables with a non-normal distribution. Preadmission medication use and lipid levels were also analyzed stratified by CVD status. We then assessed pre-STEMI statin eligibility in 2 ways. First, we analyzed eligibility by both ATP III and ACC/AHA guidelines in individuals who were not taking statin therapy before their event (the majority of the sample). Second, we calculated pre-STEMI statin eligibility for the entire sample with estimation of off-treatment lipid values in those taking statin therapy by assuming a 30% increase in LDL-C for the ATP III guidelines and a 20% increase in total cholesterol and no change in high-density lipoprotein cholesterol for the ACC/AHA guidelines. We also performed a prespecified sex analysis comparing pre-STEMI statin eligibility according to sex in individuals not taking statin therapy prior to STEMI. Additionally, a sensitivity analysis was performed assuming a low (115/60 mm Hg) and elevated (150/90 mm Hg) SBP for individuals with missing blood pressure data. Finally, we calculated the prevalence of access to and utilization of both primary care and cardiovascular medicine in the 2 years prior to STEMI in those with and without known CVD. All statistical calculations were performed in Stata 14.1 (StataCorp LP, College Station, TX).
Results

Baseline Demographics and Pre-ST-Segment Elevation Myocardial Infarction Cardiovascular Disease Medication Use
The baseline characteristics of the 1062 STEMI patients are shown in Table 1 stratified by a diagnosis of CVD prior to STEMI. The majority (71.7%) of STEMI patients did not have known CVD prior to STEMI. Rates of current smoking were high in those without and with prior CVD (36.8% and 25.6%, respectively). Compared with those without known CVD, STEMI patients with prior CVD were more likely to have a diagnosis of hypertension (79.7% versus 49.7%) and dyslipidemia (87.3% versus 41.0%) prior to STEMI (P<0.001 of both).
The prevalence of preventive medication utilization prior to STEMI in those without known CVD was low, with 27.9% prescribed aspirin and only 19.3% a statin. On average, LDL-C levels in STEMI patients without prior CVD were not significantly elevated regardless of the use of statin therapy (median LDL-C 83 [67, 111] 
Pre-ST-Segment Elevation Myocardial Infarction Statin Eligibility
The prevalence of statin eligibility prior to STEMI according to ATP III guidelines in our sample is shown in Table 2 . In individuals who were not taking statin therapy prior to STEMI, 38.7% had LDL-C levels that were not at goal by ATP III guidelines and were therefore statin eligible. Estimating offtreatment lipids levels (assuming a 30% increase in LDL-C) for those taking statin therapy and including them in the analysis resulted in minimal change in the prevalence of statin eligibility by ATP III guidelines (42.0% were statin eligible). The prevalence of statin eligibility by ACC/AHA guidelines prior to STEMI is shown in Table 3 . Application of ACC/AHA guidelines to those not taking statin therapy resulted in 79.0% being statin eligible prior to STEMI. Including those taking statin therapy and estimating off-treatment cholesterol levels (assuming a 20% increase in total cholesterol and no change in high-density lipoprotein cholesterol) resulted in 84.0% being statin eligible.
In an analysis by sex, there was no statistically significant difference in the prevalence of pre-STEMI statin eligibility Table 4 shows the characteristics of the 8.6% of patients in our sample at low 10-year CVD risk (<5%) who were not statin eligible prior to STEMI compared with patients with a CVD risk >7.5%. Individuals presumed to be at low CVD risk who experienced STEMI were significantly younger and more likely to be female and were less likely to smoke or have previously diagnosed hypertension. Lipid levels were similar between the 2 groups.
Access to and Utilization of Outpatient Care Prior to ST-Segment Elevation Myocardial Infarction
Of the 761 patients without known CVD, 265 (34.8%) had seen a primary care provider in the 2 years prior to their STEMI and only 24 (3.2%) had seen a cardiovascular provider. Of the 301 patients with known CVD prior to STEMI, 146 (48.5%) had seen a primary care provider and 114 (37.9%) had seen a cardiovascular provider. The median lipid levels, prevalence of utilization of health care in the 2 years prior to STEMI, and prevalence of statin eligibility according to ATP III guidelines and ACC/AHA guidelines is shown in the Figure. 
Discussion
In a large prospective cohort of STEMI patients, we found that LDL-C levels were not significantly elevated prior to STEMI in the majority of individuals, with a median LDL-C of 110 mg/dL in individuals not taking statin therapy without known prior CVD prior to STEMI. Compared with the ATP III guidelines, application of the ACC/AHA guidelines more than doubled statin eligibility prior to STEMI (38.7% versus 79.0%). Our results suggest that implementation of the ACC/AHA guidelines may result in a substantial increase in statin usage in individuals otherwise destined to experience STEMI. However, we also found that access to and utilization of health care, a necessity for guideline implementation, was suboptimal prior to STEMI, with less than half of those with and without prior CVD seeing a primary care provider over the 2 years prior to STEMI.
Impact of ACC/AHA Cholesterol Guidelines on Statin Eligibility
The ACC/AHA guidelines for the treatment of blood cholesterol represent a significant paradigm shift from the prior ATP III guidelines, focusing on absolute CVD risk as the main determinant of eligibility as opposed to LDL-C levels. One of the main goals of the ACC/AHA guidelines was to allocate statin therapy to those most likely to benefit, and our data provide support for that concept. Initial research on the ACC/AHA guidelines has largely focused on its impact on statin eligibility for the general US adult population. [18] [19] [20] An analysis of US National Health and Nutrition Examination Survey data evaluated statin eligibility in the estimated 115.4 million US adults aged 40 to 75 years. The study concluded that implementation of the ACC/AHA guidelines would lead to an %30% increase in statin eligibility in the general adult population (an additional 12.8 million US adults), largely due to an increase in eligible adults older than 60 years without CVD. 18 While the ACC/AHA guidelines result in an increase in statin eligibility in the general population, our results suggest that they result in a much greater increase in eligibility in individuals most likely to benefit, as eligibility in our STEMI population increased 100% with application of the ACC/AHA guidelines.
Absolute Cardiovascular Disease Risk is a Better Predictor of Benefit From Statin Therapy Than Low-Density Lipoprotein Cholesterol
The release of the ACC/AHA guidelines has been accompanied by some controversy, mostly related to the nearuniversal eligibility of older individuals (65 to 75 years) and the accuracy of the Pooled Cohort Equations Calculator. 19, 21 However, this controversy should not draw attention away from the significant limitations associated with determining statin eligibility largely based on LDL-C levels. For individuals in our study with known CVD who were not taking statin therapy prior to STEMI, over half had LDL-C levels <100 mg/ dL. Given their known CVD, this group is clearly at elevated risk and therefore likely to benefit from statin therapy despite low LDL-C levels. Data from randomized trials of statin therapy have been consistent in showing that the relative risk reduction with statin therapy is independent of baseline LDL-C levels. Additionally, for STEMI patients without known CVD (>70% of our sample), LDL-C levels were not significantly elevated, although these individuals were often at elevated absolute risk due to age and other CVD risk factors.
Guidelines Cannot be Implemented Without Access to and Utilization of Preventive Health Care
Implementation of any guideline requires a patient-provider interaction. Our data suggest that access to and utilization of outpatient care prior to STEMI is suboptimal, with less than half of individuals without prior CVD (41.1%) and with known CVD (49.2%) seeing a primary care provider in the 2 years before their STEMI. Lack of access to health care has been shown to correlate with poorer control of CVD risk factors as well as total mortality. 22, 23 Additionally, a source of usual care (a provider, clinic, or hospital that patients identify as their usual source of health care) is associated with improved control of blood pressure and cholesterol, regardless of health insurance status. 24 Whether individuals in our study who did not see a primary care provider lacked health insurance or simply chose not to utilize preventive care is unclear.
Regardless, in addition to efforts to increase compliance with CVD prevention guidelines, initiatives aimed at increasing access to and utilization of primary care will be needed to optimize CVD prevention in the United States.
Strengths and Limitations
Our study has strengths and limitations. that lipid values are stable and unchanged from baseline in the first 72 to 96 hours after an acute coronary syndrome, and fasting lipid panels were drawn within 24 hours of admission for our cohort. Additionally, a recent analysis from the National Registry of Myocardial Infarction (NRMI) database evaluating the association of LDL-C level with mortality found similar levels of LDL-C in individuals experiencing myocardial infarction with a mean LDL-C of 104 (38) mg/dL. 26 Our data were taken from a single regional STEMI system and therefore the prevalence of CVD, diabetes mellitus, and other determinants of statin eligibility may not be generalizable to other populations. Over half of the individuals in our cohort did not have a primary care visit in the 2 years prior to STEMI and therefore we had to estimate SBP in individuals without CVD, diabetes mellitus, or an LDL-C >190 mg/dL for use in CVD risk estimation. However, sensitivity analysis using a wide range of SBP showed minimal change in statin eligibility for the total sample. We were not able to measure compliance or adherence to preventive medications prior to STEMI and a history of statin intolerance or adverse reaction to preventive medications was not evaluated. The presence of CVD risk factors was determined from the active medical problems list from EHR data on admission as opposed to direct measurement. Finally, access to and utilization of health care prior to STEMI was only assessed for the single healthcare system. Despite a healthcare system with multiple hospitals and clinics and a unified EHR, patients may have been receiving health care from outside the system prior to STEMI. However, as movement continues towards valuebased, accountable health care, the prevalence of prior care within a given system is very relevant as future systems of care aimed at prevention of CVD are designed.
Conclusions
In a contemporary cohort of STEMI patients, we found that the 2013 ACC/AHA guidelines, compared with the prior ATP III cholesterol guidelines, substantially increase statin eligibility in individuals otherwise destined to experience STEMI. However, improvements in access to and utilization of preventive health care will be required to realize the full potential of these guidelines.
